Background-Inflammation and activation of immune cells are key mechanisms in the development of atherosclerosis. Previous data indicate important roles for monocytes and T lymphocytes in lesion formation, whereas the contribution of neutrophils remains to be firmly established. Here, we investigate the effect of hypercholesterolemia on peripheral neutrophil counts, neutrophil recruitment to atherosclerotic lesions, and the importance of neutrophils in atherosclerotic lesion formation in Apoe Ϫ/Ϫ mice. Methods and Results-Hypercholesterolemia induces neutrophilia, which was attributable to enhanced granulopoiesis and enhanced mobilization from the bone marrow. The degree of hypercholesterolemia-induced neutrophilia was positively correlated with the extent of early atherosclerotic lesion formation. In turn, neutropenic mice display reduced plaque sizes at early but not late stages of atherosclerotic lesion formation. Flow cytometry of enzymatically digested aortas further shows altered cellular plaque composition in neutropenic mice with reduced numbers of inflammatory monocytes and macrophages. Aortic neutrophil infiltration peaks 4 weeks after the start of a high-fat diet and decreases afterward. The recruitment of neutrophils to large arteries was found to depend on CCR1, CCR2, CCR5, and CXCR2, which contrasts to peripheral venous recruitment, which requires CCR2 and CXCR2 only. The involvement of CCR1 and CCR5 corresponded to the endothelial deposition of the platelet-derived chemokine CCL5 in arteries but not in veins. Conclusions-Our data provide evidence that hypercholesterolemia-induced neutrophilia is multifactorial and that neutrophils infiltrate arteries primarily during early stages of atherosclerosis. Collectively, these data suggest an important role of neutrophils in the initiation of atherosclerosis. (Circulation. 2010;122:1837-1845.) 
D yslipidemia activates both endothelial cells and cells of the myeloid lineage, thereby representing a major risk factor for atherosclerosis. 1, 2 Hypercholesterolemia increases circulating inflammatory monocytes counts and renders these cells more prone for emigration into atherosclerotic lesions. 3 The causal contribution of monocytes to atherosclerotic plaque formation, progression, and destabilization has been studied extensively. 4 Recent evidence from human atherosclerosis specimens and murine models of atherosclerosis, however, suggests the presence of neutrophils and neutrophil-derived mediators in atherosclerotic lesions. [5] [6] [7] For instance, neutrophil granule proteins such as ␣-defensins, azurocidin, and LL-37 have been detected within plaques. 8 In particular, the function of monocytes, macrophages, and dendritic cells is regulated by neutrophil-derived mediators in terms of recruitment, phagocytic capacity, and cytokine release. 9 -12 Evidence is accumulating that hyperlipidemia not only activates monocytic cells but also primes circulating neutrophils. In particular, a positive correlation between plasma triglycerides and low-density lipoprotein and neutro-philic reactive oxygen species formation has been shown. 13 Recently, Mazor et al 14 found an increased rate of superoxide release and CD11b surface expression, which was positively correlated with the severity of hyperlipidemia. In addition, circulating neutrophils contained less myeloperoxidase, whereas plasma myeloperoxidase levels were elevated, 14 indicative of granule discharge from neutrophils in patients with hyperlipidemia. Clinical studies correlating systemic neutrophil counts with severity of atherosclerosis in humans further support an association of neutrophils with disease progression. 15, 16 These indications led us to systematically investigate the effect of hypercholesterolemia on neutrophil homeostasis and phenotype and to dissect the involvement of neutrophils in atherogenesis.
Animals
Ldlr Ϫ/Ϫ mice (C57BL/6J background Charles River Laboratories, Wilmington, Mass) were transplanted with bone marrow cells from Cxcr2 Ϫ/Ϫ , Cxcr4 Ϫ/Ϫ , or respective wild-type litter mates by tail vein injection 24 hours after an ablate dose of whole-body irradiation (2ϫ6.5 Gy). Apoe Ϫ/Ϫ , Ccr1 Ϫ/Ϫ Apoe Ϫ/Ϫ , Ccr2 Ϫ/Ϫ Apoe Ϫ/Ϫ , Ccr5 Ϫ/Ϫ Apoe Ϫ/Ϫ , Cxcr2 Ϫ/Ϫ 3Ldlr Ϫ/Ϫ , Cxcr4 Ϫ/Ϫ 3Ldlr Ϫ/Ϫ , wild type3Ldlr Ϫ/Ϫ , or Lysm egfp/egfp Apoe Ϫ/Ϫ mice 17 were fed a high-fat diet (HFD) containing 21% fat (Altromin, Lage, Germany) for indicated time points. Platelets were depleted by intraperitoneal injection of 50 L rabbit anti-mouse platelet serum ( Table I in the online-only  Data Supplement) . 18 Antiplatelet or control rabbit serum was purchased from Accurate Chemical. Neutrophils were depleted by intraperitoneal injection of monoclonal antibody 1A8 (100 g per mouse every other day, BioXCell, West Lebanon, N. Hamp.) during the last 4 weeks of the HFD. Efficiency and specificity of neutrophil depletion were confirmed as reported previously (Table II in the online-only Data Supplement). 10 Mouse strains were backcrossed in the C57Bl/6 background for 10 generations. All animal experiments were approved by the local ethics committee.
Flow Cytometry and ELISA
Staining for flow cytometric analyses was conducted using the indicated combinations of antibodies in Hank's balanced salt solution with 0.3 mmol/L EDTA and 0.1% BSA. For fluorescence-activated cell sorter analysis, blood was drawn and subjected to red blood cell lysis. Bone marrow cells were obtained by flushing the femur with 0.5 mL RPMI 1640ϩ10% FCS followed by red blood cell lysis. Aortas were flushed with 50 mL ice-cold 5 mmol/L EDTA in PBS, excised, and digested using Liberase III (Roche, Mannheim, Germany). Sera and bone marrow extracellular fluid were subsequently used for cytokine (keratinocyte-derived cytokine, tumor necrosis factor [TNF], interleukin [IL]-17) measurement with Flow-Cytomix bead assay (Bender MedSystems, Vienna, Austria). Granulocyte colony-stimulating factor (G-CSF) and CXCL12 levels in sera and in bone marrow extracellular fluid were determined by ELISA (both R&D Systems, Minneapolis, Minn).
Immunohistochemistry
The extent of atherosclerosis was assessed in aortic roots by Oil Red O staining. Neutrophils in aortic root sections were identified by staining with an antibody to Ly6G (1A8, BD Biosciences, San Jose, Calif).
Intravital Microscopy
Intravital microscopy of the cremaster muscle and the carotid artery was performed in monocyte-depleted Lysm egfp/egfp Apoe Ϫ/Ϫ mice 17 as described previously. 10, 19 For luminal detection of chemokines presented on the endothelium, Protein G Fluoresbrite YG Microspheres (Polysciences, Eppelheim, Germany) were coupled to polyclonal antibodies to CCL2, CCL3, or CCL5 or an IgG control (all eBioscience, Frankfurt, Germany) and injected intravenously into mice after exposure of the external carotid or the cremaster muscle.
In Vivo 2-Photon Microscopy Imaging
Exposed arteries were visualized in vivo with a LaVision Trimscope multiphoton system (LaVision Biotec, Bielefeld, Germany) in single-beam mode. See the Supplementary Methods section in the online-only Data Supplement for more detailed information.
Statistics
All continuous data are expressed as meanϮSD. Statistical calculations were performed with GraphPad Prism 5 (GraphPad Software Inc, San Diego, Calif). Unpaired Student t test, Mann-Whitney test, or Kruskal-Wallis test with posthoc Dunn tests was used as appropriate. Values of PϽ0.05 were considered significant. It should be noted that the data presented here may be limited by small sample sizes; a nonsignificant difference cannot be interpreted as a lack of association.
Results

Hypercholesterolemia Induces Neutrophilia Positively Correlating With Atherosclerosis
Hypercholesterolemia has been reported to affect counts, phenotype, and function of peripheral blood leukocyte subsets. 2, 3, 20 Therefore, we analyzed circulating neutrophil counts in Apoe Ϫ/Ϫ mice fed an HFD. In contrast to Apoe Ϫ/Ϫ mice receiving chow, Apoe Ϫ/Ϫ mice fed an HFD developed both leukocytosis and neutrophilia ( Figure 1A ). It has previously been suggested that the number of circulating neutrophils is positively correlated with the degree of atherosclerosis and atherosclerosis-related diseases. 15, 16 In line with that suggestion, we found that plaque sizes in Apoe Ϫ/Ϫ mice with early atherosclerotic lesions were highly correlated with circulating neutrophil numbers ( Figure 1B and 1C ).
We next aimed to elucidate the mechanisms underlying HFD-mediated neutrophilia. Neutrophil homeostasis is regulated at various levels, including granulopoiesis, mobilization from the bone marrow, apoptosis, and subsequent clearance. 21 Therefore, we initially assessed the fraction of mitotic neutrophils in the bone marrow, where neutrophil counts were also elevated ( Figure 2A ). Cell cycle analysis with the DNA-intercalating dye propidium iodide revealed that the number of myeloid cells in the S/M phase was increased in mice on an HFD, indicating stimulated granulopoiesis. Accordingly, serum G-CSF levels were found to be elevated ( Figure 2A ). Major inducers of G-CSF are TNF and IL-17, both of which were at higher concentrations in the serum of mice receiving an HFD (data not shown), suggesting a contribution of both cytokines to enhanced G-CSF levels and subsequent granulopoiesis. The CXCR2-CXCL1 and CXCR4-CXCL12 axes are crucially involved in neutrophil mobilization and clearance, respectively. 20 -24 Together with higher serum levels of mCXCL1, increased expression of CXCR2 on bone marrow neutrophils in mice receiving an HFD ( Figure 2B ) suggests that neutrophils are more readily mobilized from the bone marrow in hypercholesterolemia. CXCL12, which exerts a retention signal for bone marrow neutrophils, 23 was reduced in the bone marrow lavage of mice receiving an HFD ( Figure 2C ), thus favoring mobilization of bone marrow neutrophils. In addition, CXCL12 is an impor-tant signal for the clearance and recruitment of aged neutrophils from the circulation to the bone marrow. 23, 24 Hence, reduced numbers of apoptotic neutrophils in the bone marrow of mice on an HFD, in association with lower levels of CXCL12 in bone marrow lavage fluids ( Figure 2C ), suggest a reduced neutrophil clearance under an HFD. Collectively, these data indicate that a disturbance of the CXCR2-mCXCL1 and CXCR4-CXCL12 axes contributes to HFDinduced neutrophilia. Moreover, a large pool of marginated neutrophils can be found in the lung circulation, and mobilization from this location may contribute to HFD-induced neutrophilia. Because myeloperoxidase concentration and the number of neutrophils in enzymatically digested lungs were not affected by the HFD ( Figure I in the online-only Data Supplement), such a mechanism seems unlikely.
Neutrophils Infiltrate Large Arteries Predominantly During Early Stages of Atherosclerosis
Previous studies have reported the presence of neutrophils in human and murine atherosclerotic lesions. 5, 6, 25 The mechanisms by which neutrophils promote atherogenesis, however, have not been systemically investigated. To address the involvement of neutrophils at various stages of atherosclerotic lesion formation, we first investigated the prevalence of neutrophils in the aorta at several time points after the start of an HFD. Fluorescence-activated cell sorter analysis of enzymatically digested aortas allowed the identification and quantification of CD45 ϩ CD11b ϩ Gr1 ϩ F4/80 Ϫ CD115 Ϫ neutrophils. Although only a few neutrophils were detected at the initiation of an HFD, neutrophils represented 14% of CD45 ϩ cells in the aorta after 1 month of HFD, a proportion that subsequently decreased ( Figure 3A) . Confirmation of the Figure 3B ). Confirming previous reports, 5, 6 we further detected neutrophils by immunohistochemical analyses of aortic roots of Apoe Ϫ/Ϫ mice having received an HFD for 4 weeks by staining for the neutrophil-specific marker Ly6G ( Figure 3C ). These data suggest a transluminal rather than a transadventitial route of arterial neutrophil infiltration. This notion is further corroborated by observations using intravital 2-photon microscopy of monocyte-depleted Lysm egfp/egfp Apoe Ϫ/Ϫ mice. After adhesion, neutrophils spread out and migrate into a subendothelial location ( Figure 3D and Movie I in the online-only Data Supplement).
Arterial Neutrophil Recruitment Partially Depends on Platelet-Derived Chemokines
To further elucidate the involvement of chemokine receptors in neutrophil accumulation in the aorta, we quantified neutrophil counts in digested aortas of atherosclerotic mice with deficiencies in Ccr1, Ccr2, and Ccr5. The involvement of CXCR2 and CXCR4 was studied in bone marrow chimeras. Figure 4A ). Cxcr4 Ϫ/Ϫ 3Ldlr Ϫ/Ϫ mice, on the other hand, displayed higher neutrophil counts ( Figure 4A ), likely attributable to increased peripheral neutrophil count in this model. 5 To further corroborate our findings, we used a model of intravital microscopy using short-term treatment with specific chemokine receptor antagonists, hence not skewing peripheral neutrophil counts. Using monocyte-depleted Lysm egfp/egfp Apoe Ϫ/Ϫ neutrophil-reporter mice, we could validate the involvement of CCR1, CCR2, CCR5, and CXCR2 in neutrophil adhesion ( Figure 4B ) to large arteries. This contrasts to the reported recruitment pattern of neutrophils, which have been described to use primarily CXCR2 and in some circumstances CCR2 for tissue infiltration. 26, 27 Because these data stem primarily from microcirculatory recruitment models, we compared the recruitment of neutrophils to large arteries with postcapillary venous recruitment behavior. Intraperitoneal challenge of chemokine receptor-deficient atherosclerotic mice ( Figure  III in the online-only Data Supplement) or Apoe Ϫ/Ϫ mice pretreated with chemokine receptor antagonists with recombinant mouse (rm)TNF ( Figure 4C ) confirmed the involvement of CCR2 and CXCR2 in neutrophil extravasation, as has been reported. 26, 27 Furthermore, we found CCR2 and CXCR2 to be involved in the adhesion and extravasation of neutrophils in the cremaster muscle of monocyte-depleted Lysm egfp/egfp Apoe Ϫ/Ϫ mice locally injected with rmTNF ( Figure 4D ). Taken together, these data suggest a microvascular recruitment pattern that largely differs from that in large arteries such that CCR1 and CCR5 seem to have important roles in arterial but not venous recruitment.
Because the expression of CCR1 and CCR5 was not significantly altered in Apoe Ϫ/Ϫ mice receiving an HFD ( Figure IV in the online-only Data Supplement), we consequently hypothesized that the endothelial presentation of CCL3 and CCL5, both of which interact with CCR1 and CCR5, may differ between the vascular beds. Hence, we examined the luminal immobilization of fluorescent beads conjugated with antibodies to CCL2, CCL3, or CCL5 in vivo as a measure of locally presented chemokines. Although CCL2 was clearly detected in the carotid artery and postcapillary venules of the cremaster muscle compared with the respective IgG control, in agreement with the involvement of CCR2 in neutrophil recruitment at either site, CCL5 was detectable primarily in the carotid artery but not the veins of cremaster muscles ( Figure 5A and 5B) . CCL3, on the other hand, was not found at either vascular bed. Hence, differential presentation of the CCR1 and CCR5 ligand CCL5 may be the underlying cause of the different neutrophil recruitment pattern.
Platelets are a major source for CCL5, 28 and endothelial deposition of CCL5 has recently emerged as a therapeutic option. 29, 30 To dissect the importance of platelets in endothelial CCL5 deposition in our model, we selectively depleted platelets ( Table I in Figure 5C ). Similarly, the involvement of platelet-derived CCL5 in arterial neutrophil recruitment was further evaluated in platelet-depleted mice, which exhibit reduced numbers of neutrophils adhering to the carotid artery ( Figure 5D ).
Neutrophils Fuel Early Atherosclerotic Lesion Formation
To link aortic neutrophil infiltration to atherogenesis, we selectively depleted Apoe Ϫ/Ϫ mice of neutrophils (Table II in the online-only Data Supplement) at various time points. Using this approach, we found a significant reduction in the degree of atherosclerotic lesion formation of aortic roots ( Figure 6A ) at early time points only. Specifically, depletion of neutrophils during the first 4 weeks of an HFD reduced atherosclerotic lesions by 49%, whereas no effect was seen when mice were rendered neutropenic after 3 or 11 months of an HFD ( Figure 6A ). Neutrophils have been implicated in the recruitment of monocytes, macrophages, and dendritic cells, 10,31 all of which play important roles in atherogenesis and progression. 4, 8 Therefore, we investigated the cellular composition of digested aortas in neutropenic mice and mice with normal white blood cell count after 1 month of an HFD. Depletion of neutrophils reduced the amount of CD45 ϩ cells in aortic lysates, much of which was attributed to reduced neutro- phil counts ( Figure 6B ). In addition, the prevalence of CD45 ϩ CD115 ϩ Gr1 ϩ CD11b hi inflammatory monocytes and CD45 ϩ F4/80 ϩ Gr1 Ϫ CD11b lo macrophages was significantly reduced. Furthermore, neutropenic mice exhibited a higher relative content of CD3 ϩ T lymphocytes. In contrast, aortic counts of dendritic cells and resident Gr1 Ϫ monocytes were not affected.
Discussion
Atherosclerosis is currently viewed as a chronic inflammatory disease of the arterial vessel wall with prominent roles for endothelial cells, T lymphocytes, and monocyte-derived cells. 1, 4 Hypercholesterolemia is a major risk factor activating these cell types, resulting in enhanced expression of cell . Neutrophils promote early atherosclerotic lesion formation. A, Size of atherosclerotic lesions in aortic root sections of Apoe Ϫ/Ϫ mice with intact white blood counts (WBCs) and neutropenic mice. Neutropenia was induced during the last 4 weeks of an HFD. Mann-Whitney. B, Composition of digests of aortas of Apoe Ϫ/Ϫ mice after 1 month of an HFD with intact white blood counts and neutropenic mice. Bar graphs display aortic leukocyte (CD45 ϩ ) and neutrophil (CD45 ϩ CD11b ϩ Gr1 ϩ F4/ 80 Ϫ CD115 Ϫ ) counts. Pie charts display the distribution of leukocyte subsets in enzymatically digested aortas of mice with intact white blood cell counts and neutropenia whereby the number of neutrophils subtracted from the total CD45 ϩ cell count was set to 100% for each mouse. Leukocyte populations with significant differences between the treatments are colored and further exemplified in representative dot blots. nϭ6. Mann-Whitney test. DC indicates dendritic cells. adhesion molecules, chemokines, and proinflammatory cytokines and ultimately promoting arterial infiltration with immune cells. 2 Recent work suggests a prominent role for neutrophils in atherosclerosis, and this study is the first to link early stages of atherosclerosis to hypercholesterolemiainduced neutrophilia ( Figure V in the online-only Data Supplement).
Hyperlipidemia exhibits apparent effects on homeostasis of bone marrow-derived cells, with increases in circulating numbers of lymphocytes, platelets, monocytes, and progenitor cells. 2, 3, 20 In most cases, hyperlipidemia-induced perturbations in leukocyte homeostasis are multifactorial. For instance, hypercholesterolemia-associated monocytosis resulted from continued bone marrow production of inflammatory monocytes, increased survival of these cells in the periphery, and impaired conversion to resident monocytes. 3, 32 Here, we show that hypercholesterolemia induces neutrophilia, which is positively associated with atherosclerotic plaque burden. Clinical studies have previously proposed a positive correlation between circulating neutrophil counts and the risk for cardiovascular events. 15, 16 Neutrophil homeostasis is regulated at various levels, including production, mobilization, and clearance, much of which is regulated by an equilibrium of chemokines, cytokines, and growth factors. Our study shows that hypercholesterolemia induces G-CSF, the key cytokine in regulating granulopoiesis. G-CSF itself is induced primarily by increased levels of TNF and IL-17; the latter is the effector of a neutrophil clearance feedback loop. 33 Our study and recent findings by others 34 have provided evidence of increased TNF and IL-17 levels in the plasma of atherosclerotic mice. G-CSF not only stimulates proliferation of myeloid precursors but also reduces bone marrow CXCL12 levels, hence reducing the clearance of aged neutrophils. 21, 22 Finally, hypercholesterolemia enhances serum CXCL1 levels, which promotes neutrophil mobilization via CXCR2. Hence, hyperlipidemia disturbs the tightly regulated cytokine system controlling neutrophil homeostasis at various levels, ultimately increasing peripheral neutrophil counts.
Neutrophil extravasation involves the coordinated and well-regulated interaction of selectins, cell adhesion molecules, and chemokines. It has previously been reported that the majority of transient leukocyte endothelial contacts in atherosclerosis are attributable to neutrophils, which interact with endothelial selectins. 35, 36 Here, we extend these observations, describing that neutrophils adhere to the lumen of large arteries at early stages of atherosclerosis. The importance of molecules such as P-selectin, ␤ 2 -integrins, and intracellular adhesion molecule-1 in neutrophil adhesion and recruitment is without doubt. Hence, the vast reduction of atherosclerotic lesions in mice lacking P-selectin, 37 the common ␤ 2 -integrin chain CD18, 38 or its counterreceptor intracellular adhesion molecule-1 39 may be explained at least in part by reduced neutrophil extravasation. In addition, leukotriene B4 is a potent chemoattractant for neutrophils, and deletion of its high-affinity receptor BLT1 reduces atherosclerosis, specifically at early stages of atherosclerosis. 40 In light of the data presented here, this stage-specific effect may be attributed to the importance of neutrophils in initial phases of atherosclerotic lesion formation. In addition, the deletion of chemokine receptors CCR2 and CXCR2 results in reduced atherosclerotic burden. 41 Given the importance of both of these receptors in transmitting chemotactic signals for neutrophils, the atherosclerotic phenotype in these mice may be attributed in part to diminished arterial neutrophil infiltration. However, our data also describe an important role of CCR1 and CCR5 in adhesion and extravasation of neutrophils to large arteries. It has previously been shown that the use of monocytic CCR1 and CCR5 in arterial recruitment is due partially to chemokines that are deposited by activated platelets. 28, 42 This mechanism is important primarily in early stages of atherosclerosis 43 and hence led us to investigate the importance of platelet-derived chemokines in neutrophil adhesion and recruitment. Indeed, we found that CCL5 deposited by activated platelets induces neutrophil adhesion through engagement of CCR1 and CCR5. The contribution of CCR1 and CCR5 to the extent of lesion formation may differ because a prevailing role of CCR5 in atherosclerosis has been reported. 44 CXCR4, on the other hand, seems to have a mere homeostatic effect, as has previously been demonstrated. 5 Neutrophils infiltrate atherosclerotic vessels primarily during early stages and, in line with this depletion of neutrophils, reduce atherosclerotic lesion burden only in the initial phase. Neutrophils may exert proatherogenic effects via several direct and paracrine mechanisms. Neutrophils produce large amounts of oxygen radicals via NADPH oxidase and myeloperoxidase. Much of the oxygen radicals are secreted extracellularly, where they have been proposed to be key mediators involved in the oxidation of low-density lipoprotein particles by which low-density lipoprotein is entrapped in the subendothelial space. On the other hand, emigrating neutrophils release a wide panoply of granule proteins that act as extracellular regulators of inflammatory processes. 9 Myeloperoxidase, for example, is released from neutrophil primary granules once the neutrophil has emigrated. Its transcytosis across endothelium allows interaction with leukocytes in flow and modification of leukocyte adhesion. 45 Furthermore, myeloperoxidase acts as a leukocyte-derived nitric oxide oxidase, which limits nitric oxide bioavailability, thus promoting impairment of endothelial cell function. 46 In patients with stable coronary artery disease, plasma myeloperoxidase levels have been shown to predict the prevalence and extent of coronary disease and future risk of cardiovascular events. 47 Other granule proteins may serve as a link between the early efflux of neutrophils and the recruitment of inflammatory monocytes. In this context, LL-37 and azurocidin have recently gained attention because they specifically induce recruitment of inflammatory monocytes via involvement of formyl-peptide receptors. 10, 31 Accordingly, we show here that digested aortas of neutropenic mice contain lower numbers of inflammatory monocytes and macrophages, which likely are descendants of inflammatory monocytes.
Although not dealt with in this study, neutrophils may also have important roles during destabilization of advanced plaques. The accumulation of neutrophils in human atherosclerotic plaques is associated with characteristics of ruptureprone lesions. 48 In addition, specimens from ruptured or eroded human plaques show distinct infiltrations with neutrophils. 25 Crucial to plaque destabilization, rupture, or ero-sion is a thin and collagen-poor fibrous cap, which results from impaired local synthesis or increased breakdown and thus the activity of matrix-degrading proteases. Neutrophils contain large amounts of matrix-degrading proteases, and data from human specimens indicate that these proteases are indeed released by neutrophils in unstable plaques and contribute to plaque destabilization and rupture. 49 Of note, neutrophil infiltration and release of matrix-degrading enzymes into unstable plaques were found to be reduced on statin treatment in a mouse model of plaque disruption. 50
Conclusions
Hypercholesterolemia in mice results in neutrophilia, which can be attributed to stimulation of granulopoiesis, enhanced bone marrow mobilization, and reduced peripheral clearance ( Figure V in the online-only Data Supplement). Increased peripheral neutrophil counts were found to correlate closely with the extent of early atherosclerosis formation. In these initial stages, neutrophils prominently infiltrate arteries through the involvement of CCR1, CCR2, CCR5, and CXCR2. The use of CCR1 and CCR5 contrasts to peripheral neutrophil recruitment and may be ascribed to endothelial deposition of CCL5 by platelets. Once emigrated, neutrophils promote atherogenesis, as evidenced by reduced plaque sizes in neutropenic mice. Thus, the use of CCR1 and CCR5 in arterial but not venous recruitment may emerge as a feasible option for therapeutic targeting. Clearly, the addition of the neutrophil as a previously not fully appreciated player in atherosclerosis increases the complexity of cellular interactions in disease pathogenesis but also harbors valuable strategies for prevention and treatment.
